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Summary
Novel	direct-	acting	antivirals	(DAAs)	are	now	the	standard	of	care	for	the	manage-
ment	of	hepatitis	C	virus	(HCV)	infection.	Branded	DAAs	are	associated	with	high	
sustained	 virological	 response	 at	 12	weeks	 post-	completion	 of	 therapy	 (SVR12),	
but	are	costly.	We	aimed	to	assess	the	efficacy	of	generic	oral	DAAs	in	a	real-	life	
clinical	scenario.	Consecutive	patients	with	known	HCV	infection	who	were	treated	
with	 generic-	oral	 DAA	 regimens	 (May	 2015	 to	 January	 2017)	 were	 included.	
Demographic	 details,	 prior	 therapy	 and	 SVR12	were	 documented.	 Four	 hundred	
and	ninety	patients	(mean	age:	38.9	±	12.7	years)	were	treated	with	generic	DAAs	
in	 the	 study	 time	 period.	 Their	 clinical	 presentations	 included	 chronic	 hepatitis	
(CHC)	 in	339	 (69.2%)	of	cases,	compensated	cirrhosis	 in	120	 (24.48%)	cases	and	
decompensated	 cirrhosis	 in	 31	 (6.32%)	 cases.	 Genotype	 3	 was	 most	 common	
(n	=	372,	 75.9%)	 followed	 by	 genotype	 1	 (n	=	97,	 19.8%).	 Treatment	 naïve	 and	
treatment-	experienced	 (defined	as	having	previous	 treatment	with	peginterferon	
and	ribavirin)	were	432	(88.2%)	and	58	(11.8%),	respectively.	Generic	DAA	treat-
ment	 regimens	 included	 sofosbuvir	 in	 combination	 with	 ribavirin	 (n	=	175),	 da-
clatasvir	 alone	 (n	=	149),	 ribavirin	 and	 peginterferon	 (n	=	80),	 ledipasvir	 alone	
(n	=	43),	daclatasvir	and	ribavirin	(n	=	37),	and	ledipasvir	and	ribavirin	(n	=	6).	Overall	
SVR12	was	95.9%	(470/490)	for	all	treatment	regimens.	SVR12	for	treatment	naïve	
and	experienced	patients	was	97.0%	 (419/432)	 and	87.9%	 (51/58),	 respectively,	
P	=	.005.	High	SVR12	was	observed	with	various	 regimens,	 irrespective	of	geno-
type	and	underlying	liver	disease	status.	There	were	no	differences	in	SVR12	with	
12	 or	 24	weeks	 therapy.	 No	 major	 adverse	 event	 occurred	 requiring	 treatment	
stoppage.	Generic	oral	DAAs	are	associated	with	high	SVR	rates	 in	patients	with	
HCV	infection	in	a	real-	life	clinical	scenario.
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1  | INTRODUCTION

Hepatitis	 C	 virus	 (HCV)	 infection	 poses	 a	 significant	 public	 health	
concern	 with	 an	 estimated	 2%-	3%	 overall	 global	 prevalence,	 and	
0.9%-	1.9%	 prevalence	 in	 India.1	 The	 vast	 majority	 of	 patients	 (up	
to	 80%)	 who	 have	 HCV	 develop	 chronic	 hepatitis	 that	 can	 prog-
ress	to	chronic	liver	disease,	cirrhosis	and	hepatocellular	carcinoma.	
Novel	 direct-	acting	 antivirals	 (DAAs)	 are	 now	 the	 standard	of	 care	
for	the	management	of	HCV	infection.	Moreover,	recent	HCV	man-
agement	 guidelines	 recommend	 that	 all	 patients	 positive	 for	 HCV	
RNA	 be	 considered	 for	 therapy	 irrespective	 of	 the	 serum	 alanine	
	aminotransferase	 levels	 and	 underlying	 liver	 disease	 status.2,3	 The	
World	Health	Organization	(WHO)	recently	launched	an	initiative	to	
eliminate	viral	hepatitis	by	2030;	and	in	order	to	achieve	these	goals,	
approximately	71	million	HCV-	positive	patients	need	to	be	treated,	
mostly	from	low-	income	countries	of	Asia	and	Africa.4

In	interferon-	free	clinical	trials,	branded	DAAs	are	associated	with	
high	 sustained	virological	 response	at	12	weeks	after	 completion	of	
treatment	 (SVR12).5-7	The	cost	of	 these	branded	drugs	differs	glob-
ally	across	countries	and	is	out	of	reach	in	most	developing	countries,	
where	treatment	expenses	are	borne	by	the	patients.	Currently,	in	the	
United	 States,	 branded	 ledipasvir/sofosbuvir	 combination	 therapy	
(brand	name	Harvoni)	costs	approximately	$1000	USD	a	pill,	amount-
ing	to	greater	than	$80	000	USD	for	a	12-	week	course	of	treatment.	
Gilead	Sciences	Inc,	USA	had	given	voluntary	manufacturing	licenses	
to	several	Indian	companies	including	Cadila	Zydus	Ltd.,	Cipla	Ltd.,	and	
Natco	Pharma	Ltd	for	generic	production	of	sofosbuvir	or	its	combina-
tions	with	ledipasvir	in	2014.8	Indian	generic	manufacturers	including	
Cipla	Ltd.,	and	Natco	Pharma	Ltd.,	also	obtained	sublicenses	in	2015	
for	generic	production	of	daclatasvir	 through	Bristol-	Meyers	Squibb	
by	way	of	the	Medicines	Patent	Pool.9	There	are	limited	data	on	the	
efficacy	of	these	generic	brands	across	genotypes	and	varied	clinical	
conditions.	The	aim	of	this	study	was	to	assess	the	efficacy	of	generic	
oral	DAAs	in	a	real-	life	clinical	scenario	and	to	compare	efficacy	across	
different	 treatment	 regimens,	 hepatitis	C	genotypes	 and	 severity	of	
liver	disease.

2  | PATIENTS AND METHODS

2.1 | Inclusion and exclusion criteria

In	 this	 prospective	 study,	 all	 consecutive	 HCV-	positive	 patients	
evaluated	 in	 the	 Department	 of	 Gastroenterology	 at	 the	 All	 India	
Institute	of	Medical	Sciences	 (AIIMS),	 in	New	Delhi,	 India	between	
May	2015	and	January	2017	were	included.	Written	informed	con-
sent	was	obtained	from	all	patients.	The	study	was	approved	by	the	
institute’s	ethics	committee.	Patients	with	co-	infection	with	hepatitis	
B	virus	(HBV)	and	human	immunodeficiency	virus	(HIV),	hepatocel-
lular	carcinoma	(HCC),	pregnancy	and	lactation,	active	tuberculosis,	
malignancy,	Wilson’s	disease,	chronic	kidney	disease	and	those	not	
willing	to	consent	were	excluded	from	the	study.	All	demographic,	vi-
rological	and	SVR12	data	were	collected	from	a	prospectively	main-
tained	database.

2.2 | Patient evaluation

All	patients	underwent	a	complete	blood	count	(CBC),	liver	function	
tests	(LFT),	kidney	function	tests,	fasting	blood	sugar	and	an	abdomi-
nal	ultrasound.	Upper	gastrointestinal	endoscopy	and	triple	phase	CT	
of	the	abdomen	were	performed	in	patients	with	concern	for	cirrhosis	
and	hepatocellular	carcinoma.	In	patients	with	suspected	autoimmune	
liver	disease	and	Wilson’s	disease	workup	was	performed	as	per	the	
standard	 guidelines.10,11	 Serological	 testing	 of	 all	 patients	 for	 HBV	
surface	antigen,	anti-	HCV	antibody	and	HIV-	1	and	2	was	carried	out	
using	commercial	ELISA.	For	HCV	genotyping	and	quantitation,	viral	
nucleic	acid	was	extracted	using	an	automated	nucleic	acid	isolation	
system	(Qiasymphony,	Qiagen).	The	HCV	genotyping	was	carried	out	
using	the	AmpliSensò	HCV-	genotype-	FRT	PCR	kit	which	can	detect	
genotypes	1-	6.

High	viral	 load	was	defined	as	≥600	000	IU/mL,	 and	 low	viral	
load	 was	 defined	 as	 <600	000	IU/mL.	 HCV	 RNA	 quantification	
was	 performed	 at	 baseline,	 end	 of	 therapy	 and	 12	weeks	 post-	
treatment	 (SVR12).	 SVR12	was	 achieved	 if	 HCV	 RNA	was	 nega-
tive/below	detectable	limit.	While	all	patients	had	HCV	RNA	levels	
checked	at	baseline,	end	of	treatment	and	SVR12,	several	patients	
had	HCV	viral	 loads	 checked	 at	 additional	 intervals.	 The	 diagno-
sis	of	cirrhosis	was	based	on	histologic	findings	on	liver	biopsy,	fi-
broscan	showing	a	 liver	stiffness	≥12.5	KPa	(Echosens,	France)	or	
a	 combination	 of	 conventional	 endoscopic	 (varices,	 gastric	 antral	
vascular	ectasia	or	portal	hypertensive	gastropathy	on	esophago-
gastroduodenoscopy)	 and	 imaging	 criteria	 (CT	 scan	or	ultrasound	
findings	 concerning	 for	 cirrhosis).	 Decompensated	 cirrhosis	 was	
defined	as	the	presence	of	jaundice,	ascites,	variceal	haemorrhage	
or	hepatic	encephalopathy.	The	model	 for	end-	stage	 liver	disease	
(MELD)	 score12	was	 calculated	 at	 baseline	 and	 after	12	weeks	of	
completion	 of	 treatment.	 Patients	were	 classified	 as	 being	 either	
“treatment	naïve”	with	no	prior	treatment	given	or	“treatment	ex-
perienced”	if	they	had	attempted	a	prior	regimen	including	pegin-
terferon	and	ribavirin.	Breakthrough	was	defined	as	undetectable	
HCV	 RNA	 during	 treatment	 followed	 by	 the	 appearance	 of	 HCV	
RNA,	despite	continued	treatment.	All	patients	who	were	included	
in	the	study	had	a	fibroscan	performed	prior	to	initiation	of	DAAs,	
as	per	our	institutional	protocol.

2.3 | Management protocol

The	management	protocol	of	chronic	hepatitis	C	(CHC)	patients	was	as	
per	the	American	Association	for	the	Study	of	Liver	Diseases	(AASLD)	
practice	guidelines	for	management	of	HCV	infection.3	Sofosbuvir	re-
mained	 the	backbone	of	all	 combination	 therapies.	 Initially,	when	so-
fosbuvir	alone	was	available,	a	combination	of	sofosbuvir	with	ribavirin	
alone	 or	 in	 combination	with	 peginterferon	was	 used	 for	 both	HCV	
genotypes	1	and	3.	Later,	as	other	DAAs	became	commercially	available	
in	India,	sofosbuvir	was	used	in	combination	with	daclatasvir	(for	geno-
types	2,	3,	5	and	those	with	genotype	not	available)	and	ledipasvir	(for	
genotype	1	and	4).	The	use	of	ribavirin	was	considered	in	patients	who	
previously	 relapsed	or	did	not	 respond	 to	 interferon-	based	 regimens,	
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and	in	patients	with	cirrhosis;	the	duration	of	therapy	in	these	patients	
was	24	weeks	as	combination	therapy	with	sofosbuvir.	Patients	were	
followed	until	 the	end	of	 therapy	and	then	had	follow-	up	studies	 for	
a	 further	12	weeks.	Various	DAA	combination	drugs	were	purchased	
by	patients	with	prescriptions.	Many	patients	 (n	=	220)	were	not	able	
to	afford	 the	medications	and	 received	 the	generic	drugs	 (sofosbuvir	
and	 ribavirin,	with	or	without	peginterferon)	 free	of	cost	 from	Cadila	
Zydus	Ltd.	and	Cipla	Ltd.,	at	the	request	of	the	treating	physicians.	HCV	
genotyping	and	viral	load	estimation	was	performed	free	of	cost	for	all	
patients.

2.4 | Statistical analysis

The	normally	distributed	variables	were	expressed	as	mean	±	stand-
ard	deviation	(SD)	and	continuous	variables	with	skewed	distribution	
as	 median	 (inter-	quartile	 range).	 Categorical	 data	 are	 presented	 as	
frequency	and	percentage.	Univariate	analysis	was	performed	to	as-
sess	the	factors	associated	with	SVR12	using	an	independent	t	test	or	
Mann-	Whitney	U	 test	 for	 continuous	variables.	The	 chi-	square	 test	
or	Fisher’s	exact	test	for	categorical	variables	was	used	whenever	ap-
plicable.	The	continuous	variables	were	dichotomized	to	assess	the	ef-
fect	on	SVR.	A	P	value	of	.05	was	considered	as	statistically	significant.	
Data	were	analysed	using	IBM	SPSS	Statistics	software	(version	20.0,	
Chicago,	IL,	USA).

3  | RESULTS

3.1 | Baseline characteristics

A	 total	 of	 683	 HCV-	positive	 patients	 were	 evaluated	 during	 the	
study	 period	 and	 recommended	 to	 initiate	 DAA	 therapy.	 Of	 these	
patients,	193	were	excluded	because	of	an	inability	to	afford	therapy	
or	 incomplete	 follow-	up	 after	 the	1st	 visit	 (n	=	65),	 ongoing	 therapy	
(n	=	90),	chronic	kidney	disease	(n	=	28),	co-	infection	with	HBV	(n	=	8)	
and	 HIV	 (n=2)	 (Figure	 1).	 Of	 the	 490	 patients	 included	 (mean	 age	
38.9	±	12.7	years),	 clinical	 presentations	 included	 chronic	 hepatitis	
(n	=	339,	69.2%),	compensated	cirrhosis	(n	=	120,	24.5%)	and	decom-
pensated	 cirrhosis	 (n	=	31,	 6.3%).	Genotype	3	was	most	 common	 in	
372	(75.9%)	patients	followed	by	genotype	1	in	97	(19.8%).	There	were	
432	 (88.2%)	 treatment	 naïve	 and	58	 (11.8%)	 treatment-	experienced	
(defined	 as	 previous	 treatment	with	 peginterferon	 and	 ribavirin)	 pa-
tients.	Pretreatment	high	viral	 load	was	observed	in	242	(49.4%)	pa-
tients.	The	clinical	and	demographic	details	are	shown	in	Table	1.

3.2 | SVR according to genotype, underlying liver 
disease and type of regimen

Overall	SVR12	was	seen	in	95.9%	(470/490).	SVR12	for	treatment-	
naïve	and	treatment-	experienced	patients	was	97.0%	(419/432)	and	
87.9%	(51/58),	respectively,	P	=	.005.

F IGURE  1 SVR12	in	various	combinations	of	oral	directly	acting	agents.	HCV,	hepatitis	C	virus;	CHC,	chronic	hepatitis	C;	HIV,	human	
immunodeficiency	virus;	NOS,	not	otherwise	specified;	SVR12,	sustained	viral	response	at	12	wks;	SOF,	Sofosbuvir;	RBV,	ribavirin;	DAC,	
daclatasvir;	LDV,	ledipasvir
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The	details	 of	various	 combinations	 using	 sofosbuvir	 are	 shown	 in	
Figure	1.	The	SVR12	in	genotype	1	CHC	and	cirrhosis	were	92.4%	(61/66)	
and	85.7%	(18/21),	respectively.	Only	six	genotype	1	patients	received	
the	 sofosbuvir	plus	 ledipasvir	plus	 ribavirin	 regimen.	Among	 these,	 the	
SVR12	in	CHC	and	cirrhosis	were	50%	(1/2)	and	75%	(3/4),	respectively.

With	the	various	sofosbuvir-based	regimens,	SVR12	was	95.8-100%	 
in	genotype	3	cirrhosis	and	91.7-100%	 in	decompensated	cirrhosis.	
The	SVR12	 in	genotype	3	CHC	was	97.5%	 (177/120)	 in	 the	 sofos-
buvir	 plus	daclatasvir	 regimen	and	75%	 (6/8)	 in	 the	 sofosbuvir	 plus	
daclatasvir	plus	ribavirin	regimen.	SVR12	rates	observed	with	various	
regimens,	according	 to	genotype	and	underlying	 liver	disease	status	
are	shown	in	Figure	1	and	Table	2.	There	were	no	differences	in	the	
SVR12	with	12	weeks	and	24	weeks	therapy	(Table	3).	The	details	of	
SVR12	in	different	sofosbuvir-	based	regimens,	according	to	genotype	
1	and	3,	underlying	liver	disease	and	duration	of	therapy,	are	shown	
in	Tables	S1	and	S2.

3.3 | Predictors of SVR12

In	univariate	analysis,	treatment-	experienced	patients	(relapsers	and	
nonresponders	 to	 peginterferon	 and	 ribavirin)	 had	 a	 lower	 SVR12	
(87.9%)	as	compared	to	treatment-	naïve	patients	(97.0%),	odds	ratio	
(OR)	0.226,	95%	CI	(0.086-	0.593).	The	rates	of	SVR12	with	the	treat-
ment	 regimen	of	 sofosbuvir,	 ledipasvir	 and	 ribavirin	 in	 combination	
therapy	was	66.7%	 (4/6)	and	 lower	as	compared	to	other	 regimens	
(>90%).	No	differences	were	found	among	patients	who	achieved	or	
those	who	did	not	achieve	SVR12	(Table	4),	in	terms	of	factors	related	
to	the	virus	(including	genotype,	viral	load)	or	host	factors	{including	
age,	sex,	presence	of	diabetes,	body	mass	index,	underlying	liver	dis-
ease	status	(CHC,	cirrhosis	and	decompensated	cirrhosis),	 liver	stiff-
ness	measurement	(LSM)	or	controlled	attenuation	parameter	 (CAP)	
on	 fibroscan}	 or	 duration	of	 therapy	 (12	 vs	 24	weeks).	Multivariate	
analysis	for	predictors	of	SVR12	was	not	carried	out	due	to	small	num-
ber	of	patients	in	the	treatment	regimen	consisting	of	sofosbuvir,	ledi-
pasvir	and	ribavirin.	There	was	no	change	in	SVR12	when	the	analysis	
was	performed	after	excluding	patients	who	were	lost	to	follow-	up.

3.4 | Patients lost to follow- up and relapsers

Seven	 patients	 (including	 one	 breakthrough)	 were	 documented	 to	
have	 relapsed	on	 the	basis	of	positive	HCV	RNA	after	12	weeks	of	
therapy.	 Thirteen	 treatment-	naïve	 patients	 were	 lost	 to	 follow-	up	
and	were	treated	as	nonresponders	when	analysing	outcomes	(total	
n	=	20).	 There	 were	 no	 treatment-	experienced	 patients	 who	 were	
lost	 to	 follow-	up.	 All	 relapsers	 to	 sofosbuvir-	based	 therapy	 were	
treatment-	experienced	 and	 had	 previously	 received	 peginterferon	
and	ribavirin-	based	therapy.	The	characteristics	of	patients	lost	to	fol-
low-	up	and	relapsers	according	to	underlying	liver	disease	are	shown	
in	Table	S3.	The	details	of	patients	lost	to	follow-	up	and	relapsers	ac-
cording	to	underlying	liver	disease	and	genotype	are	shown	in	Tables	
S4	and	S5,	respectively.	There	were	no	differences	in	genotype,	viral	
load,	age,	diabetes,	BMI,	fibroscan	values,	CAP,	underlying	 liver	dis-
ease	status,	duration	of	therapy	and	treatment	regimen	used.

TABLE 1 Baseline	demographic	and	clinical	characteristics	of	patients

Variable Overall (n = 490)

Age	(y) 38	(28-	48)

Sex	(male:female),	n	(%) 281	(57.3%):	209	(42.7%)

BMI	(kg/m2) 22.7	(20.2-	26.0)

Fasting	blood	glucose	(mg/dL) 92	(85-	103)

Total	cholesterol	(mg/dL) 150	(127-	182)

Vitamin	D3	(ng/mL) 20.9	(12.8-	31.4)

TSH	(mIU/L) 1.9	(1.3-	3.0)

Alpha-	fetoprotein	(ng/mL) 3.9	(2.3-	6.9)

Baseline	liver	stiffness	
	measurement	(LSM,	KPa)

7.3	(5.3-	15.4)

Baseline	LSM	interquartile	range	
(IQR)

1.2	(0.6-	2.2)

Baseline	controlled	attenuation	
parameter	(CAP)

213	(177-	255)

Baseline	CAP	interquartile	range	
(IQR)

38.0	(26-	55)

Baseline	HCV	RNA	(IU/mL) 528000	(100000-	3142800)

HCV	RNA	(<600	000	IU/mL) 248/490	(50.6%)

HCV	RNA	(≥600	000	IU/mL) 242/490	(49.4%)

Haemoglobin	(g/dL) 13.1	(11.8-	14.7)

Total	Leucocytes	Count	(per	mm3) 6800	(5300-	8200)

Platelets	Count	(×103/mm3) 170	(120-	220)

Bilirubin	(mg/dL) 0.6	(0.5-	1.0)

Aspartate	aminotransferase	(IU/L) 57	(38-	93)

Alanine	aminotransferase	(IU/L) 63	(40-	110)

Alkaline	phosphatase	(IU/L) 203	(153-	267)

Total	protein	(g/dL) 7.4	(7.1-	7.8)

Serum	albumin	(g/dL) 4.5	(4.0-	4.9)

International	normalized	ratio 1.02	(1.0-	1.1)

Blood	urea	(mg/dL) 23	(19-	30)

Serum	creatinine	mg/dL 0.8	(0.7-	0.9)

Type	of	Liver	disease

Chronic	hepatitis	C 339/490	(69.2%)

Compensated	cirrhosis 120/490	(24.5%)

Decompensated	cirrhosis 31/490	(6.3%)

Prior	therapy	received

Naïve 432/490	(88.2%)

Prior	relapse	and	non-	
responder	(Peg-	Interferon	and	
Ribavirin)

58/490	(11.8%)

Hepatitis	C	Genotype

Genotype	1 97	(19.8%)

Genotype	2 3	(0.6%)

Genotype	3 372	(75.9%)

Genotype	4 11	(2.2%)

Genotype	5 2	(0.4%)

Not	otherwise	specified 5	(1.0%)

All	values	are	expressed	as	n	(interquartile	range)	or	n	(%),	unless	otherwise	
specified.
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3.5 | Change in MELD score at 12 weeks post- 
therapy

The	baseline	model	 for	end-	stage	 liver	disease	 (MELD)	 score	 in	pa-
tients	with	compensated	cirrhosis	at	baseline	was	8.5	±	2.4	and	at	end	
of	12	weeks	of	treatment	was	8.4	±	2.4;	P	=	.672.	MELD	score	in	pa-
tients	with	decompensated	cirrhosis	at	baseline	was	10.3	±	3.5	and	at	
end	of	12	weeks	of	treatment	was	10.3	±	3.4;	P	=	.957.

3.6 | Adverse events

No	 major	 adverse	 events	 requiring	 treatment	 stoppage	 occurred.	
Among	the	357	patients	with	available	paired	samples	(at	baseline	and	
after	therapy),	37/357	(10.4%)	had	worsening	anaemia	with	a	haemo-
globin	below	10	g/dL.

4  | DISCUSSION

In	this	study,	we	observed	an	overall	SVR12	of	95.9%;	with	higher	
rates	in	treatment-	naïve	patients	as	compared	to	those	who	were	
treatment-	experienced.	This	study	 includes	a	 large	number	of	pa-
tients	 who	 received	 generic	 DAA	 treatment	 for	 HCV	 genotype	
3	 infection,	 which	 is	 highly	 prevalent	 in	 India.	 A	 paradigm	 shift	
from	 interferon-	based	 therapies	 to	 interferon-	free	 regimens	 has	
occurred	 in	 the	management	 of	 HCV	 due	 to	 the	 introduction	 of	
oral	DAAs.	Recent	guidelines	advocate	 treatment	with	oral	DAAs	
for	all	HCV	patients	who	have	no	contraindications.2,3	Moreover,	
the	World	Health	Organization	recently	launched	a	drive	to	elimi-
nate	viral	hepatitis	by	2030.13	Hepatitis	C	eradication	can	be	best	

achieved	 globally	 by	 treatment	 with	 DAAs;	 however,	 the	 major	
barrier	 continues	 to	 remain	 the	 cost	 of	 treatment.	 The	 cost	 of	
treatment	largely	depends	on	the	region	of	treatment	and	the	avail-
ability	of	brand-	name	patented	drugs;	branded	drugs	are	generally	
expensive.14	Several	generic	low-	cost	drugs	of	these	DAAs	are	now	
available	in	developing	countries.	The	introduction	of	low-	cost	ge-
neric	brands—including	sofosbuvir,	 ledipasvir	and	daclatasvir—has	
led	to	a	reduction	in	the	overall	cost	of	therapy	to	as	little	as	$300	
USD	for	a	12-	week	course	of	therapy.

Irrespective	of	underlying	cirrhosis,	SVR12	was	very	high	in	treatment-	
naïve	patients,	while	rates	of	SVR12	in	treatment-	experienced	patients	
were	lower.	We	previously	reported	an	SVR	(24	weeks)	rate	of	64%	in	
patients	treated	with	peginterferon	and	ribavirin	in	combination.15	In	this	
present	study,	overall	SVR12	was	95.9%	(470/490),	which	is	similar	to	
those	 reported	previously	 from	other	 studies	performed	 in	 the	 Indian	
subcontinent.16-18	 Prior	 multicenter	 studies	 evaluating	 the	 efficacy	 of	
branded	DAA	have	 reported	similar	high	SVR12	 rates.5-7,19	Our	 study	
supports	the	fact	that	generic	DAAs	are	associated	with	high	efficacy.

A	 recent	 review	on	efficacy	and	 safety	of	oral	DAA	 reported	an	
overall	 SVR12	of	 92%	 in	 cirrhosis	 patients	 treated	with	 sofosbuvir/
ledipasvir	combination	therapy.20	Other	real-	life	observational	studies	
have	reported	an	SVR12	between	94%	and	98%	in	treatment-	naïve	
genotype	1	patients	treated	with	combination	of	sofosbuvir	and	ledi-
pasvir21,22;	including	a	study	by	Zeng	et	al,	wherein	naïve	genotype	1	
patients	were	treated	with	a	combination	of	generic	sofosbuvir	and	le-
dipasvir,	SVR12	among	cirrhotic	and	noncirrhotic	patients	was	96.8%	
and	96.9%,	respectively.	The	overall	SVR12	in	our	study	in	genotype	
1	(90.3%)	was	lower	than	that	reported	from	other	studies.	This	may	
have	been	due,	in	part,	to	small	sample	size	in	this	subgroup	and	clas-
sification	of	patients	who	were	lost	to	follow-	up	as	treatment	failures.	

CHC (SVR12) Cirrhosis (SVR12)
Decompensated 
cirrhosis (SVR12) P value

Genotype	1 61/66	(92.4%) 18/21	(85.7%) 10/10	(100%) .377

Genotype	2 2/2	(100%) 1/1	(100%) -	

Genotype	3 248/257	(96.5%) 92/94	(97.9%) 20/21	(95.2%) .747

Genotype	4 8/8	(100%) 3/3	(100%) -	 -	

Genotype	5 2/2	(100%) -	 -	 -	

NOS 4/4	(100%) 1/1	(100%) -	 -	

Total	(n	=	490) 325/339	(95.9%) 115/120	(95.8%) 30/31	(96.8%) .969

NOS,	not	otherwise	specified

TABLE  2 SVR12	According	to	the	
Genotype	and	underlying	liver	disease

SVR12

P valueCHC Cirrhosis
Decompensated 
Cirrhosis

12	wks	therapy
(n	=	264)

217/227	(95.4%) 32/34	(94.1%) 2/3	(66.7%) 0.068

24	wks	therapy
	(n	=	226)

108/112	(95.9%) 83/86	(96.5%) 28/28	(100%) 0.600

Total	(n	=	490) 339 120 31

TABLE  3 SVR12	rates	according	to	the	
duration	of	therapy
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After	excluding	such	patients,	our	SVR12	rates	were	similar	to	those	
reported	in	other	studies.

A	study	from	Spain	reported	an	overall	SVR12	of	93.8%	in	geno-
type	3	patients	 treated	with	 sofosbuvir	and	daclatasvir	 combination	
therapy.23	Another	 study	 in	Asian	American	 patients	with	CHC	 and	
advanced	liver	disease	(genotypes	1,	2,	3	and	6),	treated	with	multiple	
oral	DAA	combinations,	reported	a	similar	overall	SVR.24	The	SVR12	
in	CHC	patients	treated	with	sofosbuvir	plus	daclatasvir	and	ribavirin	
was	 lower	 than	 that	 of	 other	 combinations,	 possibly	 due	 to	 a	 small	
sample	size	of	eight	patients	in	this	subgroup.	The	SVR12	in	compen-
sated	cirrhosis	and	decompensated	cirrhosis	in	our	study	was	similar	
to	that	reported	in	previous	studies.25

We	used	various	oral	DAA	drug	combinations,	as	per	the	AASLD	
HCV	management	guidelines.3	Our	data	reinforce	that	the	drug	reg-
imens	 recommended	by	AASLD	are	associated	with	high	SVR.	Prior	
treatment	 exposure	was	 the	 only	 factor	 associated	with	 virological	
failure,	corroborating	a	previous	study	that	 involved	genotype	4	pa-
tients	and	showed	that	male	gender	and	prior	treatment-	experience	
(with	peginterferon)	were	predictors	of	nonresponse.26

Our	 patients	 did	 not	 develop	 any	major	 complications	 requiring	
stoppage	of	therapy.	Anaemia	developed	in	10%	of	the	patients	and	
was	secondary	to	ribavirin	therapy.	Prior	studies	have	reported	minor	
side	effects	with	oral	DAAs,	most	of	which	are	not	significant	and	do	
not	mandate	cessation	of	therapy.10	These	observations	provide	reas-
surance	that	generic	DAAs	are	associated	with	a	similar	safety	profile	
as	the	branded	DAAs.	To	provide	cost-	conscious	care,	HCV	patients	
can	be	prescribed	a	complete	course	of	therapy	during	the	initial	pa-
tient	encounter	without	the	need	for	repeated	blood	tests,	as	was	the	
case	with	an	interferon-	based	regimen.

We	 did	 not	 find	 any	 significant	 difference	 in	 the	 MELD	 score	
after	 12	weeks	 of	 therapy	 as	 compared	with	 baseline.	This	may	 be	
because	 the	mean	MELD	 score	 at	 baseline	was	 low,	 and	 therefore,	
the	 fractional	 change	was	 not	 significant.	 Prospective	 studies	 need	
to	 evaluate	 the	 effect	 of	 oral	 DAAs	 on	 the	 change	 in	 MELD	 and	 
Child-Pugh-Turcotte	scores.

Seven	patients	had	relapse	on	sofosbuvir-	based	therapies.	The	aetiol-
ogy	of	this	is	unclear	as	these	patients	had	different	treatment	regimens.	
We	did	not	assess	for	resistance	associated	variants	in	these	patients.

TABLE  4 Univariate	analysis	of	predictors	of	SVR12

Factors SVR12 P value

Viral factors

Genotype

1 89/97	(91.8%) .317

2 3/3	(100%)

3 360/372	(96.8%)

4 11/11	(100%)

5 2/2	(100%)

NOS 5/5	(100%)

Viral	load	(IU/mL)

≤600	000 240/248	(96.8%) .368

>600	000 230/242	(95.0%)

Host Factors

Age	(y)

≥40 218/228	(95.6%) .821

<40 252/262	(96.2%)

Sex

Male 268/281	(95.4%) .645

Female 202/209	(96.7%)

Diabetes

Absent 398/417	(95.4%) 0.335

Present 72/73	(98.6%)

BMI	(n	=	335),	kg/m2

<23 166/172	(96.5%) 1.000

>23 158/163	(96.9%)

Liver	disease

CHC 325/339	(95.9%) .969

Cirrhosis 115/120	(95.8%)

Decompensated	Cirrhosis 30/31	(96.8%)

LSM	(n	=	449),	KPa

LSM	<6 153/159	(96.2%) .578

LSM	≥6 282/290	(97.2%)

CAP	(n	=	411)

CAP	≥206	dB/m 232/238	(97.5%) .405

CAP	<206	dB/m 166/173	(96.0%)

MELD	(cirrhosis	and	decompensated	cirrhosis)

MELD	<10 114/118	(96.6%) .612

MELD	≥10 31/33	(93.9%)

Prior Therapy Received

Naïve 419/432	(97.0%) .005

Peg-	Interferon	and	Ribavirin 51/58	(87.9%)

Treatment type

Duration	(wks)

12 251/264	(95.1%) .365

24 219/226	(96.9%)

Treatment regimen

(Continues)

Factors SVR12 P value

Sofosbuvir	+	Ribavirin 171/175	(97.7%) .001

Sofosbuvir	+	Ribavirin	+	Pegyl
ated	Interferon

77/80	(96.3%)

Sofosbuvir	+	Daclatasvir 145/149	(97.3%)

Sofosbuvir	+	Daclatasvir	+	Rib
avirin

34/37	(91.9%)

Sofosbuvir	+	Ledipasvir 39/43	(90.7%)

Sofosbuvir	+	Ledipasvir	+	Riba
virin

4/6	(66.7%)

NOS,	not	otherwise	specified;	BMI,	body	mass	index;	CHC,	chronic	hepa-
titis	C;	LSM,	liver	stiffness	measurement;	CAP,	controlled	attenuation	pa-
rameter;	MELD,	model	for	end-	stage	liver	disease.

TABLE  4  (Continued)
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Similar	 to	 the	 paradigm	 shift	 in	 the	management	 of	 human	 im-
munodeficiency	virus	(HIV)	infection,	where	the	use	of	generic	drugs	
has	led	to	significant	reduction	of	cost	of	therapy,	the	use	of	generic	
medications	 for	HCV	 infection	will	make	drugs	more	affordable,	es-
pecially	in	developing	countries,	where	treatment	costs	are	borne	by	
the	patients	themselves.	The	availability	of	generics	with	good	efficacy	
and	tolerability	has	the	potential	to	redefine	the	management	and	out-
comes	of	HCV	infection,	and	in	the	future,	potentially	eradicate	it.

This	study	has	a	few	limitations.	The	data	were	from	a	single	tertiary	
care	centre,	which	is	associated	with	a	referral	bias.	Another	limitation	
is	the	observational	design	of	the	study,	which	was	not	randomized	for	
drug	regimens	or	HCV	genotypes.	Therefore,	 there	 is	a	selection	bias	
for	patient	enrollment	such	as	inclusion	of	larger	numbers	of	HCV	gen-
otype	3	patients	and	differences	 in	patient	enrollment	for	the	various	
generic	 drug	 combinations.	Generic	 drugs	have	 certain	 limitations,	 as	
compared	to	branded	drugs.	Branded	drugs	undergo	extensive	testing	
for	quality,	safety	and	efficacy.	There	is	no	post-	marketing	surveillance	
for	 generics.	We	 used	multiple	 generic	 brands;	 however,	we	 did	 not	
compare	 head-	to-	head	 outcomes	 with	 different	 manufacturers.	 We	
included	both	treatment-	naïve	and	treatment-	experienced	patients,	as	
well	as	a	spectrum	of	liver	disease	including	chronic	hepatitis	C,	com-
pensated	and	decompensated	cirrhosis.	We	assessed	virologic	relapse	
by	repeat	documentation	of	the	same	genotype	by	real	time	PCR	and	
not	by	phylogenetic	analysis	of	nucleotide	sequence,	which	would	have	
accurately	differentiated	relapse	from	reinfection.	In	conclusion,	generic	
oral	directly	acting	agents	are	associated	with	high	SVR	rates	in	patients	
with	HCV	infection	in	a	real-	life	clinical	scenario.
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